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Abstract

Purpose The cell surface glycoprotein Mesothelin is overexpressed in several tumor entities and novel immune-based thera-
pies are currently under the early clinical evaluation for the treatment of malignant pleura mesothelioma, ovarian cancer, and
pancreatic cancer. Cervical cancer has not been recognized as a suitable target for Mesothelin-directed immune therapies
so far.

Methods To exploit a possible role of Mesothelin in cervical cancer treatment, we analysed Mesothelin expression in 79
cervical carcinomas and aligned expressions patterns with tumor growth parameters. A novel anti-Mesothelin drug conjugate
(Anetumab Ravtansine) was applied for dose-efficiency studies in a Mesothelin positive tumor model for cervical cancer in
Scid mice.

Results In more than three-quarters (77%) of cervical adenocarcinomas, Mesothelin was expressed to high levels. Among
squamous cell carcinomas of the cervix uteri expression levels were lower and expression patterns were less intense, but still
ranged between 50-60% (57%). A significant correlation between Mesothelin expression levels and tumor grade, metastatic
behaviour, and lymph- or hemangiosis was not found. The novel anti-Mesothelin-drug conjugate (Anetumab Ravtansine)
showed a substantial dose-dependent therapeutic efficiency in a xenotransplant model for cervical cancer in SCID mice (hela
cell tumors). Applying the ADC at a dose of 10 mg/kg twice weekly induced complete tumor regression in 88% of animals
within 6 weeks.

Conclusions Mesothelin should be taken into account as a target in cervical cancer therapy and histological determination
of Mesothelin expression should be considered in routine diagnostics of cervical carcinomas.
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Introduction adhesion; however, it remains unclear whether overexpres-
sion of Mesothelin provides a growth advantage to malig-
Mesothelin nant tumors. Mesothelin knock-out mice exhibit a normal

phenotype and healthy offspring, which mostly excludes an
Mesothelin is a 40 kDa cell surface glycoprotein which is  essential function for this protein [3].
predominantly expressed in mesothelial cells (pleura, peri-
cardium, and peritoneum) [1, 2]. The physiologic function of ~ Mesothelin-targeted therapies
Mesothelin is not clear. Mesothelin is known to be a binding
partner of MUC16 (Ca 125) which suggests a role in cell ~ The initial Mesothelin-directed clinical studies focused on
SS1P and MORAB-009 (Amatuximab). SS1P is a chimeric
protein in which the variable region of a Mesothelin-specific
54 Guenter Cichon antibody was genetically fused to a bacterial toxin (38 kDa
guenter.cichon @charite.de portion of Pseudomonas exotoxin A). MORAB-009 (Ama-
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Berlin, Campus Mitte, Charitéplatz 1, 10117 Berlin, affinity to human Mesothelin [4-8]. Binding of MORAB-
Germany 009 to Mesothelin blocks tumor cell binding to MUC16
inhibits proliferation and elicits cell-mediated cytotoxicity
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SS1P and Morab009 were tested as monotherapy and
in combination with established chemotherapeutics (pem-
etrexed/cisplatin) in patients suffering from mesothelioma.
The trials were carried out as single arm studies, but, com-
pared to historical data, overall survival in the Amatuximab
group was superior by 33% [9]. In 30% of patients treated
with SSP1, long-lasting tumor regression was observed [10].

At the time of manuscript preparation, two novel anti-
Mesothelin immunoconjugates (Bay94-9343 and BMS-
986148) and a therapeutic vaccine (CRS-207) were under
early clinical evaluation as the second- and third-line thera-
pies for the treatment of ovarian cancer.

The therapeutic vaccine CRS-207 is a live-attenuated Lis-
teria monocytogenes bacteria expressing human Mesothelin
vaccine gene. Infused live-attenuated Listeria is taken up
by liver phagocytes which then elicit a subsequent inflam-
matory response and recruitment of natural killer and cyto-
toxic T-cells. In humans, application of CRS-207 induces a
Mesothelin-specific T-cell response in up to 37% of treated
patients [11]. In phase I/II studies in patients suffering from
Mesothelin overexpressing pancreatic carcinoma, the effect
of allogenic granulocyte—macrophage colony-stimulating
factor (GM-CSF)-secreting pancreatic tumor cells (GVAX-
pan) was studied as monotherapy and in combination with
CRS-207. Combining Mesothelin vaccine (CRS-207) with
the growth factor-secreting tumor cell treatment doubled
overall survival rates in comparison to monotherapy of
GVAXpan [11].

Anetumab ravtansine on hela cell xenograft tumors

Anetumab ravtansine is a potent antibody-drug conjugate
consisting of a human anti-Mesothelin antibody conju-
gated to the Maytansinoid Tubulin inhibitor DM4 [12]. The
antibody binds specifically to human Mesothelin, thereby
inducing antigen internalization and disruption of microtu-
bule assembly. This process results in the inhibition of cell
growth and cell death of Mesothelin-expressing tumor cells
[12]. In this study, we proved the therapeutic efficiency of
anetumab ravtansine on hela cell xenotransplant tumors in
Scid mice. Hela cells are probably the best known and most
widely spread cervical cancer cell line which was estab-
lished from a 31-year-old cervical cancer patient in 1951
in Baltimore (Maryland, USA). Hela cells express HPV18
oncogenes (HPV E6/7), which are tumorigenic in Scid
mice, and xenograft tumors express increased amounts of
Mesothelin, which makes them a representative target for
Mesothelin-directed therapies.

Over the last 15 years, there has been no progress in cer-
vical cancer therapy and mortality rates in industrial nations
remain about 30% (in developing countries about 60-70%).
Therefore, searching for novel, safe, and efficient therapeutic
strategies is an urgent matter in gynecological oncology.
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Materials and methods

IHC staining of tumor tissues for mesothelin
expression

The study was approved by the Charité ethics committee
(reference number ek.217/20). Paraffin-embedded tissue of
53 squamous cell carcinomas and 26 adenocarcinomas was
retrieved from the archive of the department of pathology
of the Charité. All cases were primary diagnosed between
2006 and 2015. Pre-treated cases were excluded. The diag-
nosis was made according to the WHO and re-evaluated
before further investigations. Representative formalin-
fixed paraffin-embedded tissue of each case encompassing
vital tumor areas was stained with haematoxylin and eosin
for the histological tumor evaluation.

The expression of Mesothelin was determined on paraf-
fin tissue sections by THC staining using a Leica Bond™
polymer fully refine detection system. The employed anti-
Mesothelin antibody was purchased from Thermo scien-
tific (clone 5B2, 1: 100, Thermo Scientific MS-1320).
Mesothelioma tissue was used as a positive control.

All THC-stained tumor samples were scored by a certi-
fied pathologist who was blinded with respect to infor-
mations about the tumor state and outcome. Scoring was
performed according to a procedure described by Hirsch
et al. [13] as follows:

Three representative high-power fields from each tumor
sample were selected and the mean h-score was calcu-
lated as the product of relative proportion of Mesothelin
positive tumor cells (percent) and IHC staining intensity
(14, 2+, 3+) as follows: 1 X (% cells 1+) +2 X (% cells
24)+3 X (% cells 3+). The highest possible score is 300.
According to the score Mesothelin expression was rated
to be absent (score 0), low (score 1-9), moderate (score
10-49), and high (score 50-300).

Animal experiments

Experiments were approved by the state office for health
and social affairs Berlin (Landesamt fiir Gesundheit und
Soziales (Berlin); reference number G 0262/10. SCID-
beige mice were purchased from Charles River Laborato-
ries (Sulzfeld, Germany). Hela cells were derived from the
DSMZ (Deutsche Stammsammlung fiir Mikroorganismen
und Zellkulturen, Braunschweig, Germany). Anti-Mes-
othelin Maytansinoid conjugate (Ravtansine Anetumab)
was provided from Bayer (Berlin, Germany). Four groups
of mice, each consisting of 5-8 animals was set up and
vital Hela cells were inoculated in a dose of 1 X 10e5 cells
in 100 pl by subcutaneous injection (27 gauge needles) in
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the left inner flank on day 0. Treatment was started on day
30 when tumors have reached a size of 5-10 mm. When
tumors were grown to a size of about 5 mm treatment was
started. Animals in the treatment groups received 2 mg/
kg, 5 mg/kg, and 10 mg/kg anetumab ravtansine in 200 ul
injection buffer twice weekly by i.p. injection. Animals in
the control group received injection buffer only. Tumor
size was monitored by caliper twice weekly.

Results

About 63% (50/79) of all cervical carcinomas show a posi-
tive Mesothelin expression. Considering cervical adeno-
carcinomas and squamous cell carcinomas separately, it is
striking that, in adenocarcinomas, not only the frequency
but also the intensity of the Mesothelin expression is mark-
edly increased. 73% (19 out of 26) adenocarcinomas show
high levels of Mesothelin (h-score 50-300) and only 23%
(6/26) do not show any Mesothelin expression. In cervical
squamous cell cancer, about 57% (30/53) are stained positive
for Mesothelin and expression patterns are less pronounced
compared to adenocarcinomas (Table 1).

Correlating the Mesothelin expression with the nodal sta-
tus, tumor grade and the frequency of blood and lymph ves-
sels infiltration (L/V) did not reveal a significant correlation.

Distribution of Mesothelin expression patterns appears com-
pletely random (Table 2).

Already in preinvasive lesiones of the cervix (AIS) an
increased epithelial Mesothelin expression is often detecta-
ble (Fig. 1a). The majority of cervical adeno- and squamous
cell carcinomas shows overexpression of the membrane-
bound glycoprotein (Table 1; Fig. 1b, c) as well as hela xeno-
graft tumors (Fig. 1d), which makes the latter an experimen-
tal target for Mesothelin directed immunotherapies.

Effect of anetumab ravtansine on hela cell tumors
in SCID mice

Tumor-bearing SCID mice received the anti-Mesothelin
toxin conjugate (Anetumab Ravtansine) in a dose of 2 mg/
kg, 5 mg/kg, and 10 mg/kg twice weekly or PBS only. The
application of 2 mg/kg ADC twice weekly slowed tumor
growth and prolonged survival time, but did not induce
growth arrest or reduction of tumor volume. Applying
5 mg/kg twice weekly healed two of eight animals (25%)
and induced complete growth arrest in six animals within
6 weeks. A further dose increase to 10 mg/kg raised the
cure rate to 88% (7 of 8). The treatment was tolerated well
and animals did not show weight loss or suspect behavioural
signs, but some animals developed ulcerations of the tumor
covering skin during the treatment (Fig. 2).

Table 1 Frequency and density of Mesothelin expression in cervical adenocarcinomas and squamous cell cancer

Mesothelin expression

Mesothelin expression

Mesothelin expression Mesothelin expression

absent low moderate high
(h-score 0) (h-score 1-9) (h-score 10-49) (h-score 50-300)
Cervical adenocarci- 6/26 (23%) 0% 1/26 (3.9%) 19/26 (73.1)%
nomas (n = 26)
Squamous cell cervi- 23/53 (43.4%) 2/53 (3.8%) 14/53(26.4%) 14/53 (26.4%)

cal cancer (n = 53)

Table 2 Assignment of mesothelin expression and nodal status, differentiation, and lymph- and hemangiosis patterns in cervical squamous cell

cancer

Squamous cell cervical ~ Mesothelin expression

Mesothelin expression

Mesothelin expression Mesothelin expression

cancer (n = 53) absent low moderate high
(h-score 0) (h-score 1-9) (h-score 10-49) (h-score 50-300)

NO 15/53 (28.3%) 0/53 (0%) 9/53 (16.9%) 8/53 (15.1%)
N1 7/53 (13.3%) 3/53 (5.6%) 4/53 (7.5%) 7/53 (13.3%)
Gl 1/53 (1.9%) 0/53 (0%) 1/53 (1.9%) 1/53 (1.9%)
G2 14/53 (26.4%) 2/53 (3.8%) 6/53 (11.3%) 9/53 (17%)
G3 9/53 (17%) 0/53 (0%) 5153 (9.4%) 5/53 (9.4%)
LO 11/53 (20.7%) 1/53 (1.9%) 4/53 (7.5%) 9/53 (17%)
L1 11/53 (20,7%) 1/53 (1.9%) 10/53 (18.7%) 5/53 (9.4%)
VO 18/53 (34%) 1/53 (1.9%) 10/53 (18.9%) 14/53 (26.4%)
Vi 4/53 (7.5%) 1/53 (1.9%) 3/53 (5.6%) 2/53 (3.8%)
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Fig. 1 Mesothelin expression in an adenocarcinoma in situ (a), in a cervical adenocarcinoma (b), in cervical squamous cell cancer (c), and in
hela cell xenograft tumors. Mesothelin occurs as a membrane bound protein

Discussion

So far, the early clinical testing of novel Mesothelin-directed
immune therapies focus on the treatment of pleuramesothe-
lioma, ovarian cancer, and pancreatic cancer [14]. Cervical
cancer has not been recognized as a suitable target disease
and only limited information was available about Mesothelin
expression in this tumor entity. We here demonstrate that, on
average, 60—70% of cervical carcinomas express Mesothelin.
Looking at the Mesothelin expressions patterns in squamous
cell and adenocarcinomas of the cervix separately reveals
significant differences between both subgroups. Cervical
adenocarcinomas express Mesothelin not only more fre-
quently, but also the level of expression is markedly higher.
This finding is especially interesting in view of the worse
prognosis of cervical adenocarcinomas as it may open up
new treatment options for this tumor entity.

The role of Mesothelin as a prognostic marker in malig-
nant tumors is discussed controversially. The majority of
studies describe increased Mesothelin expression to be a
negative prognostic factor in pleuramesothelioma [15],

@ Springer

breast cancer [16, 17], lung cancer [18, 19], and gastric
cancer [20]. However, the other studies on breast cancer
could not find any correlation [21] or even demonstrate an
improved prognosis of high Mesothelin expression like in
gastric cancer [22].

In this study, no significant correlation was found between
Mesothelin expression and the metastatic state (N), tumor
grade (G), and blood and lymph vessel infiltration (L/V).
Mesothelin expression in squamous cell tumors and adeno-
carcinomas of the cervix occurred completely random and
did not seem to be associated with tumor growth patterns
and metastatic behaviour (Tables 2, 3).

The anti-Mesothelin-Maytansinoid conjugate (anetumab
ravtansine) is currently applied in the early clinical tri-
als for the treatment of malignant mesothelioma, ovarian
cancer, and triple negative breast cancer. In this study, we
explored the therapeutic potential of anetumab ravtansine in
a murine animal model for human cervical cancer (hela cell
tumors in SCID mice). Anetumab ravtansine shows a dose-
dependent therapeutic efficacy on hela xenograft tumors. In
the highest dose group (10 mg/kg twice weekly) in 7 of 8
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Fig.2 Effect of anti-Mesothelin—-Maytansinoid conjugate (anetumab ravtansine) on hela xenograft tumors in SCID mice. Animals received the

ADC up to 6 weeks twice weekly

Table 3 Assignment of

. . Cervical Mesothelin expression ~ Mesothelin =~ Mesothelin expression ~ Mesothelin expression

Mesothelin expression a.nd adenocarcino- absent expression  moderate high

nodal status, differentiation, mas (h-score 0) low (h-score 10-49) (h-score 50-300)

and lymph— and.hemanglosls (n = 26) (h-score

patterns in cervical 1-9)

adenocarcinomas
NO 526 (19.2%) 0/26 (0%) 2/26 (7.7%) 15/26 (57.8%)
N1 3/26 (11.5%) 0/26 (0%) 0/26 (0%) 1/26 (3.8%)
Gl 0/26 (0%) 0/26 (0%) 0/26 (0%) 3/26 (11.5%)
G2 3/26 (11.5%) 0/26 (0%) 0/26 (0%) 15/26 (57.8%)
G3 3/26 (11.5%) 0/26 (0%) 0/26 (0%) 2/26 (7.7%)
Lo 1/26 (3.8%) 0/26 (0%) 0/26 (0%) 13/26 (50%)
L1 6/26 (23.1%) 0/26 (0%) 0/26 (0%) 6/26 (23.1%)
Vo 4/26 (15.4%) 0/26 (0%) 0/26 (0%) 20/26 (76.9%)
V1 2/26 (1.7%) 0/26 (0%) 0/26 (0%) 0/26 (0%)

mice (88%), complete regression of large tumors occurred
within 6 weeks. Mice tolerated the treatment very well, but,
since anetumab ravtansine does binds selectively to human
Mesothelin (in hela cell tumors) and not to the murine
counterpart, side effects are limited. However, this model
demonstrates the therapeutic potential of this antibody-drug
conjugate.

In the early clinical escalation trials, administration of
6.5 mg/kg every 3 weeks (q3w) has been shown to pro-
vide an acceptable benefit-risk ratio. The most common

side effects were keratitis and peripheral neuropathy which
all were reversible [23, 24]. At a maximum tolerated dose
(MTD) of 6.5 mg/kg, partial response (PR) was seen in 19%
and stable disease in 47% of patients.

In summary, the high expression level of Mesothelin
in cervical adenocarcinomas favours this tumor entity as
a target for novel Mesothelin-directed immune therapies.
Affected women should be included into the early clinical
studies and Mesothelin staining should be considered as a
standard procedure in clinical routine.
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